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INTRODUCTION 
Stalk rot of corn has been studied over the past sixty 
years without the establishment of a satisfactory method of 
evaluating the disease severity or of an understanding of 
the nature of stalk rot resistance in corn. Durrell (%), 
Heal.d et (l4), and Burrill and Barrett (4) established 
that organisms inciting stalk rot weaken the stalks and that 
stalks lodge late in the growing season. Additional studies 
conducted in the corn growing areas indicated that stalk rot 
may be incited by a diversity of organisms, both fungal and 
bacterial, and that most plants are rotted to some extent 
late in the, growing season. 
Stalk rot is a disease of the mature corn plant with 
resistance decreasing after pollination, A number of factors 
such as soil fertility, cropping sequence, plant population 
and environmental conditions have been associated with stalk 
rot resistance. These factors are of significance in 
influencing the chemical composition and structural constit­
uents of the stalk tissues which have also been associated 
with stalk rot resistance. 
The relationships between stalk rotting and standability 
are obscure because of the diverse methods used in evaluating 
stalk rot. Lodging has been used frequently to rate corn 
hybrids as resistant or susceptible to stalk rot. Assuming 
that stalk breakage only was accounting for the lodging and 
root lodging was not involved, little can be said about the 
extent of breakdown of fundamental tissues in the stalks. 
Various researchers have studied morphological, physical 
and chemical factors in corn plants to determine what causes 
strong stalks in one case and soft, weak stalks in the other, 
and also to what extent environmental or cultural factors 
are responsible. 
Influence of fertilizers on stalk rot of corn has been 
reported. Several investigators have reported that potassium 
fertilizers reduce the severity of stalk rot and that 
nitrogen fertilizers increase stalk rot severity. 
The purpose of this investigation was to study the 
influence of nitrogen and potassium on stalk rot of corn 
by measuring certain mechanical and physiological properties 
of three corn hybrids different in resistance to stalk rot 
and comparing the measvirments made at intervals after mid-
silk of each hybrid. 
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REVIEW OP LITERATURE 
Stalk rot is a disease of the mature corn (Zea mays L.) 
plant and susceptibility increases after pollination (4, 17, 
yiy 46). The disease is of world, wide significance and is 
the most important disease of corn in the Midwest. In 
seasons when stalk rot is severe, plants may die prematurely 
which reduces the quality of the grain and. increases the 
incidence of stalk lodging (5, 25)• 
Stalk rot may be incited by a number of different 
pathogens. Diplodia zeae (Schw.) Lev., Gibberella zeae 
(Schw. ) Fetch, Fusarium moniliforme Sheld., and Nigrospora 
oryzae (B. and. Br.) Fetch are the organisms most frequently 
causing stalk rot of corn in the Midwest (5, 25). 
Durrell (?) suggested that stalk rot was known as early 
as l8^ 4. Diplodia zeae Schw. was described, on dead, corn 
stalks in 18^ 4, but it was not associated with the serious 
disease of corn called stalk rot until 1906 (4, l4). Root 
rot, crown rot, and stalk rot were not differentiated in 
many early reports and Ghristensen and Wilcoxson (5) suggest­
ed that many of the studies probably involved all three 
diseases as well as seedling blight. They thought that all 
the reports merited consideration in reviewing the literature 
dealing with stalk rot and the factors that influence stalk 
rot development. In many of the early reports Diplodia zeae 
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has often been considered as the primary causal agent of 
stalk rot. 
Koehler (26) reported that in Illinois during a ten 
year period Gibberella zeae was often more prevalent than 
Diplodia zeae and Fusarium moniliforme was of minor impor­
tance compared to Gibberella zeae and Diplodia zeae. 
Kingsland (24), during a three year period in Pennsylvania, 
found that Fusarium moniliforme and Gibberella zeae were 
isolated most frequently and that Diplodia zeae was not 
isolated during that period. Foley (13) found a systemic 
infection of corn by Fusarium moniliforme and suggested 
that the fungus was responsible for the early tissue dis­
integration in the stalk which resulted in a softened rind 
and eventually a weakened stalk. Ikenberry (20) reported 
that Fusarium moniliforme was isolated from all stalks 
tested in September, 1962 and 196^ . 
A number of factors have been associated with stalk rot 
resistance such as reserve food, structural constituents, 
and moisture content (6, l4, I8, 27, 4^, yj, 48, 51). Most 
of the data clearly indicated that any factor which tended to 
decrease the vigor of the corn plant increased the severity 
of the infection. Hybrids that were susceptible to stalk 
rot had a lower sugar level after silking and a lower esti­
mate of living cells in the pith tissue (6, 48). In most 
reports where hybrids were classified as resistant or sus­
ceptible, the classification was based on the amount of 
discoloration of the internode tissue caused by inoculation 
with stalk rotting organisms. There is considerable evi­
dence that senescence and chemical change in the pith results 
in the plant becoming susceptible to stalk rot (1, 2, 6, 17# 
1 8 ,  ^1, ^9, 45, 46, 48, 5 1 ) .  
It has been recognized since at least 19^ 0 (28) that the 
soil fertility influences stalk rot severity. There is con­
siderable evidence that potassium fertilizers reduce the 
severity of stalk rot and that nitrogen fertilizers, espe­
cially if in excess compared to potash, increase the severity 
of stalk rot (8, 22, 29, ^ 1, 36, 40, 4l, 42, 49). In recent 
reviews, (5, 25), it has been reported that unbalanced soil 
fertility favored stalk rot development of corn. Most of 
the literature reviewed dealt with nitrogen am potassium. 
Foley (9) reported that applications of 200 pounds of potas­
sium reduced the severity of stalk rot and stalk breakage 
when nitrogen was not applied and that a high nitrogen to 
potassium ratio increased the severity of stalk rot and stalk 
breakage. The role of nitrogen fertilizer in stalk rot 
experiments appeared to be variable. Kruger et (^ 0) 
reported that Fusarium stalk rot was increased, but that 
Diplodia stalk rot decreased with addition of nitrogen. 
Potassium had no effect on either Diplodia or Fusarium stalk 
rot, and phosphorus increased both types of stalk rot. 
Kappelman and Thompson (2^ ) also reported that nitrogen 
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applications did not increase Diplodia stalk rot severity. 
The limited works reported on the influence of phosphorus on 
stalk rot of corn are not in agreement. Thayer and Williams 
(42) reported that phosphorus decreased rot ratings and 
suggested that maintaining a high level of phosphorus with 
medium levels of nitrogen and potassium would be an aid in 
controlling root and stalk rots. Pappelis and Boone (38) 
reported that cell death, which has been correlated with 
susceptibility to spread of Diplodia zeae and Gibberella 
zeae in stalk tissue, was higher in plants treated with 
nitrogen or phosphorus than those in control, potassium, or 
limestone plots. 
In stalk rot of corn, lodging did not appear to be 
determined by the structure of the stalk. The literature 
reviewed has been divided into two categories; investi­
gations pertaining to the relation of certain morphological 
characters to lodging and those pertaining to ways in which 
lodging resistance could be measured. 
Mechanical stalk strength is provided by thick 
walled sclerotic tissue ( 7 ,  12, 19, 32, 35, 43, 44, 5 0 ) .  
Murdy (35) described the cell sclerification process as 
the deposition of a thick, cellulose secondary wall and 
subsequent impregnation of the primary and secondary cell 
walls with lignjji. He stated that the lower internodes 
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which are the earliest to mature have the widest zone of 
sclerified cells. Hunter and Dalbey (19) concluded from 
their histological study of stalk breakage in corn that 
the stalk of the nearly mature plant was the most satis­
factory for examination of the tissues that contribute to 
stalk strength. Young plants showed no consistent differ­
ences which correlated with stalk breaking in the mature 
plant. 
There are conflicting opinions concerning the associa­
tion of histological structure of corn stalks in relation 
to field resistance to stalk rot. Boothroyd reported 
that stalk strength of hybrids tested was not correlated 
with the per cent of sclerenchyma sheath fibers per vascular 
bundle or per unit of the rind. Magee reported a 
wider rind and a larger stalk diameter in the stiff stalked 
plants. The results were obtained using four lines of corn 
variable in resistance to Diplodia stalk rot which were 
classified as stiff or weak stalked on the basis of stalk 
breakage in the field. Two of the lines of corn that 
differed in field standability were similar morphologically. 
Therefore, it was suggested that stalk stiffness was probably 
determined by a combination of morphological characters, 
interacting with pathological factors. 
Numerous investigators employed mechanical methods in 
obtaining strength measurements which were related to stalk 
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rot of corn (7, 12, 15, 20, 21, 4^ , 44, 47). As early as 1925, 
Durrell (7) determined the breaking strength of nodes of 
corn and reported that the strength of nodes without infec­
tion was considerably stronger than the nodes with infection. 
Foley (12) used stalk breaking strength of internodes as 
a basis of evaluating stalk rot of corn hybrids classified 
as resistant and susceptible to stalk rot in August and in 
October. The hybrid susceptible to stalk rot decreased 
in stalk strength from the August to October measurement 
much more than the hybrid resistant to stalk rot. Ikenberry 
(20) reported that the decline in stalk breaking strength 
measurements within hybrids was associated with an increase 
in high cellulase activity values and increased pith 
deterioration. It was concluded that the stalk tissues were 
softened and disintegrated by the cellulolytic enzymes 
produced by Fusarlum moniliforme. These results confirm 
the work of Foley (lO). 
MATERIALS AND METHODS 
Three single cross corn hybrids were planted in four 
replications using a randomized split-plot design during 
the years 196^ , 1964, 1965, and 1966. The hybrids were 
the main plots and the nutrient applications the sub-plots. 
Each hybrid received four treatments: 1. no nutrient appli­
cations, 2. 200 pounds of ammonium nitrate per acre, 
200 pounds of potassium chloride per acre, and 4. 200 
pounds of ammonium nitrate plus 200 pounds of potassium 
chloride per acre. Each sub-plot was six rows with 40 
plants per row in foot long rows 40 inches apart 
giving a population density of approximately 16,000 plants 
per acre. 
Three hybrids that were different in resistance to 
stalk rot were used each year. The hybrids have been 
classified as resistant, intermediate, or susceptible to 
stalk rot from ratings of tissue disintegration after mid-
silk and from their field stalk lodging performance over 
a number of years. The hybrid 0102 x Bl4 was resistant and 
the hybrid L317 x Hy was susceptible and were used all four 
years. The hybrid Wf9 x I205 was intermediate in resistance 
and was used in 196^  and 1964. For the years 1965 and 
1966, Wf9 X A257 was used as the intermediate, hybrid. 
Certified seed, treated with Arasan, of each of the hybrids 
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was obtained, from Clyde Black and Sons Seed Farms, Ames, 
Iowa. 
The location of the experiment was at Ankeny Research 
Farm of Iowa State University in 19^ 3 and at the Ash Avenue 
Plots at Ames of Iowa State University in 1964, 1965, and 
1966. The same split-plot design was superimposed at Ash 
Avenue in 1964, 1965, and 1966. The planting dates and. 
silking dates for each hybrid are listed in the appendix. 
Plant samples for the laboratory were obtained from 
each treatment of each irariety at intervals after mid-silking 
of the hybrids, and after the first killing frost. The 
samples were collected at approximately ten days after 
silking (1963» 1964, 1965, and 1966), forty days after 
silking (1963 and 1964), sixty days after silking (196^ , 
1964, 1965, and 1966), and the last sample collected each 
year was ten days after the first frost severe enough to 
kill Chenopodium album L. and Ambrosia spp. growing in the 
area adjacent to the corn plots. The field samples consisted 
of the first through the fourth elongated internodes above 
the brace roots. These were obtained by cutting the stalk 
below the node with the brace roots and through the fifth 
elongated internode. Ten stalks were taken from the same 
area within each treatment on the four replicates at each 
sample date. Samples were tagged, collected, and taken to 
the laboratory where they were processed. 
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Yield in bushels per acre was determined for all treat­
ments each year. 
Laboratory Procedures 
The field samples were rearranged and grouped according 
to the field replications. Individual plant records were 
taken on the four elongated internodes above the brace roots 
of the ten samples collected from each treatment. 
Breaking strength and diameter of the second elongated 
internode were recorded first. The breaking modulus of the 
second internode was measured in pounds using a testing 
device designed by Dr. M. T. Jenkins and modified to give a 
uniform applied force. Stalk diameter was measured to the 
nearest tenth of a millimeter using a vernier caliper. 
Plexural strength (load per unit deflection curves) and 
rind thickness were determined for excised rind sections. 
The rind sections consisted of a longitudinal rind section 
one centimeter wide removed from the first elongated inter­
node above the brace roots. Plexural strength of the excised 
rind sections was determined by means of a special testing 
device (Figure l). Load-deflection curves were obtained by 
recording the gram load required to deflect the excised 
rind sections a given distance. Rind thickness was measured 
to the nearest tenth of a millimeter using a vernier caliper. 
Plexural strength and rind thickness data were determined 
Figure 1. Instrument used in determining gram load per 
millimeter deflection of excised rind section 
of first elongated internode; close-up view 
of intsrument with arrow "A" pointing to dial 
where load required to compress spring is read 
and arrow "B" pointing to dial where millimeter 
deflection is read 
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after the excised rind sections had been stored in 80 per cent 
alcohol except in one year. The rind measurements were deter­
mined for fresh material first in 1966 and later adjusted for 
the reduction in flexural strength that occurred after storage 
in 80 per cent alcohol. 
Pith condition ratings were taken for all four inter-
nodes using a method similar to the one described by Pappelis 
(37)• After the breaking strength had been recorded for the 
second internode, the stalk was split lengthwise with a knife 
and the extent of white, dry, spongy or crumbly type paren­
chyma was recorded. The rating scale used is as follows: 
1. Up to 25 per cent of the internode parenchyma 
appearing white. 
2. 26 to 50 per cent of the internode parenchyma 
appearing white. 
51 to 75 per cent of the internode parenchyma 
appearing white. 
4. 76 to 100 per cent of the internode parenchyma 
appearing white. 
5. No green tissue in the stalk or leaves, all 
internode and nodal tissue white. 
Natural stalk rotting symptoms and corn borer damage 
were recorded at the time pith condition was rated. 
Field stalk lodging was determined at each sample date 
and only the stalks that were broken below the ear were 
counted as lodged. 
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Correlations and an analysis of variance using plot 
averages were calculated for each of the variables by the 
Iowa State University Computation Center. Two matrices 
were used: I. Analysis of variance for all dates in one 
year for each year's data, and II. Analysis of variance 
combining data of 1964, 1965, and 1966 with analysis for 
individual sampling dates. An example of each analysis 
with the source of variation and degree of freedom is listed 
in the appendix. 
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RESULTS 
The results of the statistical analyses are listed in 
Tables 29-41. For all Tables: R = resistant hybrid.; 
I = intermediate hybrid; S = susceptible hybrid; * = 
significant at the five per cent level; ** = significant 
at the one per cent level. The main effects of nitrogen and 
of potassium are listed in Tables 2J and 28 based on the 
analysis for each sample date combining data of 1964, I965, 
and 1966. All differences mentioned in the text of the 
results are statistically significant unless otherwise stated. 
Stalk Breaking Strength 
The averse stalk breaking strength for the four years 
was ll4 pounds at ten days past mid-silk, 89 pounds at 
sixty days past mid-silk, and ^ 6 pounds after frost. Stalk 
strength of all three hybrids decreased with time after 
mid-silk (Figure 2). There was a reduction in stalk strength 
with each progressive interval of time after mid-silk for 
all three hybrids, except for two of the hybrids in 1965 
which did not demonstrate a reduction in stalk strength 
until after sixty days past mid-silk. Therefore, the 
measurement at ten days past mid-silk was considered to be 
an estimate of the inherent stalk strength. 
Figure 2. Four year average of stalk breaking strength 
values for three hybrids as determined from the 
second elongated internode above the uppermost 
brace roots at intervals after mid-silk 
(l) = ten days after mid-silk 
{^ ) = sixty days after mid-silk 
(4) = ten days after first killing frost 
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The averages for stalk breaking strength of the three 
hybrids grown on the four fertilizer treatments are presented 
in Tables 10, 11, and 12. The fertilizer treatments were 
analyzed as a factorial experiment. Stalk breaking strength 
was higher on the potassium treatments at each sample date 
when the comparison was based on individual sample dates. 
Only in one year was stalk strength higher" for the nitrogen 
treatments, and this was using the analysis of variance 
matrix where all sample dates within a given year were 
assumed to have a homogenous variance for stalk strength 
(matrix I). However, since there was not a homogenous 
variance in the stalk strength at all sampling dates, the 
analysis for the individual dates of sampling (matrix II) 
was more accurate than the former. When analyzed with 
matrix II combining years keeping sample dates separate, 
differences in stalk strength on nitrogen and no-nitrogen 
treatments were not significant. 
Stalk strength was higher for the plants grown on 
potassium treatments than for the plants grown on plots 
not receiving potassium applications at ten days past mid-
silk and at sixty days past mid-silk. The breaking strength 
was slightly lower at the time of sampling after frost for 
the plants grown on the potassium treatments than for the 
plants grown on plots not receiving potassium applications. 
The average stalk breaking strength on potassium and 
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no-potassi\im treatments at the different sample dates 
are listed in Table 1. 
Table 1. Stalk breaking strength (ibs.j of the second 
internode of corn grown on potassium and 
no-potassium treatments at intervals after 
mid-silk 
Sample date Potassium no-Potassium 
ten days 125 117 
sixty days 102 87 
after frost 36 40 
The hybrid intermediate in resistance to stalk rot 
had a higher stalk strength on the nitrogen treatments, and 
the stalk strength recorded after frost was higher for 
plants grown on the nitrogen treatment only in 1965. 
The hybrid, C103 x Bl4, which was classified as 
resistant to stalk rot had the highest stalk breaking 
strength of the three hybrids at every sample date. The 
number of pounds required to break the second internode 
of the hybrids intermediate and susceptible to stalk rot 
was not consistently different every year for the data 
collected sixty days after mid-silk and after frost. The 
main effect of potassium on stalk strength for all three 
hybrids combining data from 1964, 1965, and 1966 was 
significant. 
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Flexural Strength 
The load per unit deflection properties had a linear 
relationship for the range of values tested. The signif­
icance of the factors influencing the flexural strength, 
of the excised rind sections was the same at 0.25 and O.5O 
millimeters deflection. The measurements of gram load per 
0.25 mm deflection are the only ones presented. 
There was a decrease in flexural strength from sixty 
days past mid-silk to the last sample date after frost 
each year. There was only a slight reduction in flexural 
strength after mid-silk during two of the three years 
studied (Table 2). The reduction in flexural strength 
from ten days after mid-silk to after frost was significant 
statistically, but the magnitude of the changes with time 
was small. 
Table 2. Gram load per O.25 mm deflection of excised rind 
sections of first internode for three hybrids at 
intervals after mid-silk in 1964, 1965, and 1966 
Sample date 1964 1965 1966 
ten days 780 925 990 
sixty days 775 805 970 
after frost 775 740 890 
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The averages for flexural strength of the excised rind 
sections of the three hybrids grown on the four fertilizer 
treatments in 1964, 1965, and 1966 are presented in Tables 
i;5-l8, Flexural strength of excised rind sections in 196^  
are not reported. 
The performance of the hybrids was variable (Figures 
4, 5). The hybrid classified as intermediate in 
resistance to stalk rot maintained the same or increased 
in flexural strength until sixty days past mid-silk each 
year. The intermediate hybrid demonstrated an increase 
in flexural strength during the sampling period in 1964 
while the other two hybrids were undergoing a reduction 
in flexural strength. 
The measurements of flexural strength were lower on 
both the potassium and nitrogen treatments in 1964 and 1966 
at all sample dates, but not in 1965 (Tables 1^, l4, 1 5 ) .  
When the data for the three years were combined and the 
analysis of variance calculated using matrix II (Tables 
yji 40), the flexural strength measurements were lower 
on both the potassium and nitrogen treatments at ten days 
past mid-silk and after frost, but not significantly 
different at sixty days past mid-silk. 
. The flexural strength interactions of hybrids x nitrogen 
and years x nitrogen were significant (Tables , 38, 4o). 
When all three hybrids were combined for the average flexural 
Figure Average flexural strength values for excised rind sections 
from the first elongated internode of three hybrids in 
at intervals after mid-silk 
(1) = ten days after mid-silk 
(2) = forty days after mid-silk 
(3) = sixty days after mid-silk 
(4) = ten days after first killing frost 
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Figure 4. Average flexural strength values for excised 
rind sections from the first elongated internode 
of three hybrids in 19^ 5 at intervals after 
mid-silk 
(l) = ten days after mid-silk 
(3) = sixty days after mid-silk 
( 4 )  =  ten days after first killing frost 
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strength of plants grown on the nitrogen treatments in I965, 
the flex'oral strength was not significantly different from 
the flexural strength of plants grown on plots that did not 
receive nitrogen applications. Plexural strength of the 
plants of the intermediate hybrid grown on the nitrogen 
treatments was higher at sixty days past mid-silk and 
slightly higher after frost. The flexural strength of the 
other two hybrids was lower for the plants grown on the 
nitrogen treatments. 
The flexural strength of the three hybrids in decreasing 
order was from the resistant to the intermediate to the 
susceptible. There was considerable variation in the 
flexural strength of the three hybrids for the three years 
studied. The flexural strengths of the resistant and the 
intermediate hybrids were not significantly different at 
every sample date. 
Pith Condition Ratings 
There was an increase in cell death with time after 
mid-silk of each hybrid (Table . The pith condition 
ratings were estimates of the per cent dry, crumbly 
parenchyma per internode as opposed to dense, well-hydrated 
parenchyma. The average pith condition rating of the first 
elongated internode for the four years studied was 0.9 at 
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Table 3* Pith condition rating of first and second 
elongated internode of three hybrids at intervals 
after mid-silk 
Hybrid 
Sample date Resistant Intermediate Susceptiole 
1st 2nd 1st 2nd 1st 2nd 
ten days 0.0 0.4 0.4 1.5 2.2 3.1 
sixty days 1.6 2.3 2.2 3.1 3.6 3.9 
after frost 4.2 4.2 4 . 6  4 . 6  4 . 8  4 . 8  
ten days past mid-silk, 2.5 at sixty days past mid-silk, and 
4.5 after frost. 
Cell death in the third and fourth elongated internodes 
had occurred by ten days after mid-silk in the susceptible 
hybrid. Therefore, attention was given to the pith condition 
of the first and second internodes because the parenchyma 
tissue was viable for a longer period. Pith condition ratings 
of the internodes of the three hybrids had an inverse 
relationship to stalk strength ( r= -0.9). The average 
pith condition rating of the three hybrids on the four 
fertilizer treatments are presented in Tables 19, 20, and 21. 
Pith condition ratings were lower on the potassium 
treatments at each sample date each year (Table 28). The 
average pith condition rating for the first and second 
elongated internode of plants grown on potassium and no-
potassium treatments are presented in Table 4. 
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Table 4 .  Pith condition rating for the first and second 
elongated internode of plants grown on potassium 
and no-potassium treatments at intervals after 
mid-silk in 1964, 1965, and 1966 
Sample date . Potassium no-Potassium M.S. 
ten days 
0.89 1st 0.82 5.49* 
2nd 1.53 1.76 21.13** 
sixty days 
2.60 1st 2.00 46.98** 
2nd 2.73 2.21 42.33** 
after frost 
1st 4.41 4.62 20.05** 
2nd 4.50 4.64 14.26** 
In all years the average pith condition rating was 
higher for the plants from plots that did not receive 
potassium applications than for the plants grown on potassium 
treated plots, but the difference in the pith condition 
ratings of the plants from the two treatments was not 
significant for each of the three hybrids. At ten days 
past mid-silk, only hybrid Hy x L^ IT had sufficient areas 
of senescent tissue in the lower internodes to have a good 
estimate of the influence of potassium on cell death. At 
sixty days past mid-silk when all three hybrids were nearing 
final maturation stages, CI03 x Bl4 was responsible for the 
lower pith condition ratings of the plants grown on the 
potassium treatments. At ten days after the first killing 
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frost, the pith condition rating interaction of year x 
potassium was significant as well as the hybrid x potassium 
interaction. C103 x Bl4 still was responsible for the 
lower pith condition rating (higher moisture content) for 
the plants grown on the potassium treatment. The year x 
potassium interaction for the average pith condition 
rating of the three hybrids was significant for the sample 
taken after frost with the plants grown in 1965 having a 
larger difference in pith condition ratings for potassium 
and no-potassium treatments than for the plants sampled in 
19Ô4, and no significant difference in ratings of the plants 
sampled after frost in 1966. 
Pith condition ratings were higher for the plants from 
nitrogen treatments early in the sampling period, and lower 
for the plants from nitrogen treatments for the sample 
taken after frost (Table 27). The average pith condition 
ratings of first and second elongated internodes of plants 
grown on nitrogen and no-nitrogen treatments are presented 
in Table 5. 
In all years at ten days past mid-silk the first 
internode pith condition rating of all three hybrids was 
higher for the plants grown on nitrogen treatments. The 
second internode pith condition rating of all three hybrids 
was higher for plants grown on nitrogen treatments, but 
only two of the hybrids had a significantly higher pith 
condition rating. Hybrid Hy x L317 did not have a higher 
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second internode pith condition rating when grown on the 
plots receiving nitrogen applications. By sixty days past 
mid-silk of each hybrid, there was not a significant 
difference in the pith condition rating of the plants 
grown on nitrogen and no-nitrogen treatments. The sample 
taken after frost in all years for first and second internode 
pith condition ratings of the three hybrids had a lower 
rating for plants grown on the nitrogen treatments. The 
hybrid intermediate in resistance to stalk rot that was 
accounting for the stalk strength and flexural strength 
hybrid x nitrogen interactions also had a lower pith 
condition rating on the nitrogen treatments after frost. 
Again, only for the data obtained after frost was the pith 
condition rating interaction of year x nitrogen significant. 
The pith condition ratings after frost for the plants 
grown on nitrogen treatments were lower in lg64 and 1965 
with no significant difference in the ratings for plants 
grown on nitrogen and no-nitrogen treatments in 1966. 
The pith condition ratings increased with time for all 
hybrids. The range in pith condition ratings for the three 
hybrids was from the resistant to the intermediate to the 
susceptible with the susceptible hybrid having the highest 
pith condition rating at each sample date. 
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Table 5* Pith condition rating for the first and second 
internodes of plants grown on nitrogen and no-
nitrogen treatments at intervals after mid-silk 
in 1964, 1965, and 1966 
Sample date Nitrogen no-Nitrogen M.S. 
ten days 
0.81 1st 0.90 11.67** 
2nd 1.77 1.52 37.36** 
sixty days 
2.28 1st 2.22 0.23 
2nd 2.99 2.95 0.35 
after frost 
1st 4.42 4.02 18.46** 
2nd 4.50 4.65 16.54** 
Stalk Diameter 
The second elongated internode stalk diameter was 
larger for all three hybrids grown on the nitrogen treatments. 
The largest increase of the three hybrids was for the inter­
mediate hybrid. The averages for stalk diameter of the three 
hybrids on the four fertilizer treatments for the four years 
studied are presented in Table 22. 
Fertilizer applications influenced the diameter of the 
stalks as indicated by the significance of the mean squares 
for stalk diameter (Tables 27, 28). The hybrid intermediate 
in resistance to stalk rot had a larger stalk diameter on 
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the nitrogen treatments at ten days after mid-silk and after 
frost, but the stalk diameter was not larger for any of the 
hybrids at sixty days past mid-silk. 
The year x nitrogen interaction of stalk diameter for 
samples collected after frost was significant. Stalk diam­
eter was larger on nitrogen treatments in 19Ô5, while there 
was not a significant difference in stalk diameter of plants 
grown on nitrogen and no-nitrogen treatments in 1964 and 1966. 
The plants grown on the potassium treatments had a 
larger stalk diameter than the ones grown on the no-potassium 
treatments at ten and sixty days past mid-silk, but the 
difference after frost was not significant. The stalk 
diameter interaction of hybrid x potassium was significant 
only at ten days after mid-silk and the hybrid classified 
as resistant to stalk rot was the only hybrid for which 
the increase in stalk diameter on the potassium treatments 
was significant. 
When the data for the three hybrids were combined, the 
stalk diameter interaction of nitrogen x potassium was 
significant at ten and sixty days past mid-silk. The plants 
grown on the plots receiving both nitrogen and potassium 
applications had the largest stalk diameter and the plants 
grown on the check plots had the smallest stalk diameter. 
All three hybrids decreased in stalk diameter with time 
after mid-silk. The largest decrease occurred after sixty 
6^ 
days past mid-silk. Differences in stalk diameter are 
specific effects for the particular hybrids used and, in 
this study, do not necessarily have any relationship with 
the resistant, intermediate, or susceptible characteristics. 
Average stalk diameters in centimeters for the three hybrids 
are presented in Table 6. 
Table 6. Average stalk diameter in centimeters for the 
three hybrids at intervals after mid-silk 
Sample date Resistant Intermediate Susceptible 
2.52 2.17 2.44 
2.50 2.16 2.28 
2.26 2.04 2.24 
Rind Thickness 
The rind of the first elongated internode of the hybrids 
resistant and intermediate to stalk rot was thicker than for 
the hybrid susceptible to stalk rot (Table Y). The rind 
thickness of all three hybrids decreased after sixty days 
past mid-silk. The averages of rind thickness for the three 
hybrids grown on the four fertilizer treatments are presented 
in Table 22. 
ten day 
sixty day 
after frost 
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Table ?• Average rind thickness in millimeters for the 
three hybrids at intervals after mid-silk 
Sample date Resistant Intermediate Susceptible 
ten day 2.7O 2.70 2.32 
sixty day 2.72 2.67 2.3^  
after frost 2.61 2.49 2.08 
The average rind thickness of the three hybrids was only 
slightly larger for the plants grown on the treatments that 
did not receive nitrogen applications at ten days past mid-
silk. At sixty days past mid-silk and after frost, the 
millimeter difference in rind thickness for the plants 
grown on nitrogen and no-nitrogen treatments was not signifi­
cant (Table 2 7 ) .  
The hybrid x nitrogen interaction for rind thickness 
was significant at each sample date. At ten days after mid-
silk, the susceptible hybrid had a thinner rind on the 
nitrogen treatments and there was not a significant difference 
in the rind thickness of the plants of the other two hybrids 
grown on nitrogen and no-nitrogen treatments. By 'sixty days 
after mid-silk the plants of the susceptible and resistant 
hybrids had thinner rinds when grown on the nitrogen treat­
ments and the plants of the hybrid intermediate in resistance 
8^ 
to stalk rot had thicker rinds when grown on the nitrogen 
treatments. For the sample taken after frost, the plants 
of the intermediate hybrid still had a thicker rind on the 
nitrogen treatments, and the difference in the rind thick­
ness of the plants of the other two hybrids grown on the 
nitrogen and no-nitrogen treatments was not significant. 
When rind thickness measurements of all three hybrids 
were combined and matrix II used in calculating the analysis 
of variance, the rind thickness interaction of year x nitrogen 
was significant only at ten days after mid-silk. The rind 
thickness was not affected by the nitrogen treatments in 
1965 or 1966, but in 1964 plants on the nitrogen treatments 
had thinner rinds. 
Rind thickness was influenced by potassium treatments 
only in one year (Table 29). The rind measurement inter­
action of nitrogen x potassium also was significant only 
in one year and the plants grown on the plots that did not 
receive any fertilizer applications had the thickest rinds 
and the plants grown on nitrogen treatments had the 
thinnest rinds. 
Plants with Natural Rotting Symptoms 
Since the plants were not artificially inoculated with 
any stalk rotting organisms, the stalk rot that developed 
9^ 
was a result of natural avenues of infection. The stalks 
•were rated as having natural rotting symptoms if rotting 
and/or.mycelial development was observed after the stalks 
had been split longitudinally and the interior of the nodes 
and internodes inspected. The organisms comi'aonly reported 
in the Midwest as causing stalk rot are Fusarium moniliforme 
Sheld., Gibberella zeae (Schw.) Fetch, Diplodia zeae (Schw.) 
Lev., and Nigrospora oryzae (Berk, and Br.) Fetch. During 
the four years that stalk rotting was investigated, Fusarium 
moniliforme and/or Gibberella zeae were observed. Diplodia 
zeae pycnidia were seldom observed; Nigrospora oryzae was 
occasionally present at the last sample date. Isolations 
were not made from all samples, but once a positive identifi­
cation of the commonly reported stalk rotting organisms was 
made with a number of stalks, the characteristic appearance 
of the mycelial growth and spore bearing structure on the 
stalks was used to identify the organisms. 
The natural rotting symptoms were detectable by sixty 
days past mid-silk of each hybrid each year. l-Jhen additional 
samples were collected at forty days after mid-silk in 196^  
and 1964, none of the three hybrids were noticeably rotted. 
The percentage of plants with natural rotting symptoms for 
the four years studied was seven per cent at sixty days past 
mid-silk and forty-three per cent after frost (Table 24). 
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The differences in percentage of plants with natural 
rotting were not always significant among the three hybrids 
when considered on an individual year basis. The susceptible 
hybrid had the highest percentage of plants rotted in 1964 
and 1965 and the intermediate hybrid usually had a higher 
percentage of plants rotted than did the resistant hybrid. 
When the data for 1964, 1965, and 1966 were combined, the 
percentage of plants with natural rotting was significantly 
different for the three hybrids. The percentage of 
plant rotted of the three hybrids in increasing order was 
from the resistant to the intermediate to the susceptible. 
The nitrogen or potassium treatments did not signifi­
cantly influence natural rotting at any sample date when 
the analysis was based on individual sample dates combining 
the data of 1964, 1965, and 1966 (Tables 27, 28). However, 
the natural rotting interaction of year x nitrogen was 
significant with a lower per cent in 1964 and a higher 
per cent in I966 of rotted plants on the nitrogen treat­
ments. Prom the individual year analysis it was evident 
that in addition to the variation observed from year to 
year there was a variation in the percentage of plants with 
natural stalk rotting for the hybrids grown on the nitrogen 
and no-nitrogen treatments (Table 8). 
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Table 8. Natural rotting symptoms (per cent) detected in 
three hybrids at ten days after first killing 
frost in 1964, 1965 and 1966 
Year Nitrogen no-Nitrogen 
1964 
28 Resistant 55 
Intermediate 2^  76 
Susceptible 76 69 
1965 
26 Resistant 35 
Intermediate 51 34 
Susceptible 56 78 
1966 
46 Resistant 55 
Intermediate 78 53 
Susceptible 65 55 
Stalk Lodging 
Field stalk lodging was determined at each sample date 
and only for the stalks that were broken below the ear. The 
standability performance of hybrids is the evaluation best 
suited for protection of the farmer against stalk rot losses 
and is the evaluation commonly used in classifying hybrids 
as resistant or susceptible to stalk rot. The extent of 
tissue disintegration and weakening of the rind tissues of 
many of the stalks that did not lodge was similar to the 
condition of the lodged plants. 
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There was some stalk lodging by sixty days past mid-
silk (1#), but most of the lodging occurred after sixty days 
past mid-silk. , The per cent of plants lodged for the three 
hybrids after frost was higher in 1965 and 196Ô than the 
other years with eleven per cent of the plants lodged in 
the field in 196$ (Table 25). There was a higher percentage 
of broken stalks for the hybrid L^ l? x Hy, susceptible to 
stalk rot, than for the other two hybrids (Table 9)» 
Table 9- Field stalk lodging (per cent) at ten days after 
the first killing frost in 196^ , 1964, 1965, and 
1966 
Year Resistant Intermediate Susceptible Average 
1963 0.0 0.6 0.6 0.4 
1964 0.0 0.0 11.0 4.0 
1965 1.0 1.0 30.0 11.0 
1966 2.0 7.0 21.0 10.0 
The percentage of stalk lodging was higher for all 
three hybrids on the potassium treatments in all years 
studied, and in 1965 and 1966 the per cent of stalk lodging 
was significantly higher on the potassium treatments. Using 
either matrix I or matrix II, the per cent of stalk lodging 
was higher for the susceptible hybrid. The percentage of 
stalk lodging for the resistant hybrid was low each year 
and the differences in percentage of lodged plants was not 
significant on any of the fertilizer treatments. The 
difference in the percentage of stalks lodging on the 
nitrogen and no-nitrogen treatments was not significant 
any year studied for the three hybrids. 
Yield 
The yield in bushels per acre of corn was measured 
each year after sixty days past mid-silk. Combining the 
yields of 1964, 1965, and 1^ 66, the yield was significantly 
higher for the plants grown on the nitrogen treatments than 
for the plants grown on plots that did not receive nitrogen 
applications (Tables 26, 27). 
The yield was not influenced by the potassium treat­
ments, but the yield interaction of. nitrogen x potassium was 
significant. The yield in bushels per acre was highest on 
the plots receiving only nitrogen (119 bushels), second for 
the plots receiving both nitrogen and potassium (109 
bushels), and third for the plots receiving only potassium 
(92 bushels), and lowest for the plots that did not receive 
fertilizer applications (91 bushels). 
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DISCUSSION AND CONCLUSIONS 
The present study included certain mechanical and 
physiological measurements of the lower internodes of 
Zea mays L. at intervals.of time after mid-silk and 
a yield measurement at the end of the growing season. 
Previous investigators (15, 20, 21, 4^ , 44, 50) have reported 
that stalk strength measurements are good indications of 
the resistance of the plant to stalk rot, and it was 
suggested that the rind of the stalk was the most important 
factor contributing to stalk,strength. The term rind as 
used in this study was described by Magee (3;5) as the 
zone from the epidermis through the lignified parenchyma. 
The breaking strength of corn stalks has been shown to 
decrease due to weakening of the rind tissue by cellulolytic 
enzymes produced by stalk rotting fungi (20). 
The parenchyma tissue in the pith adds little to the 
strength of the stalk, but was the site of observable 
eroding away of cells by the stalk rotting organisms. 
Pith condition ratings of the internode parenchyma are 
highly correlated with stalk rot (l, 2). Therefore, the 
pith condition ratings were an estimate of the susceptibility 
of the hybrid to stalk rot. The stalk breaking strength 
and flexural strength measurements were estimates of the 
inherent mechanical properties of the lower internodes and 
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of the reduction of the inherent mechanical strength due 
to stalk rot. 
The measurements taken at intervals after mid-silk 
indicated that the influence of nitrogen and potassium 
fertilizers on stalk rot of corn was not the same at any 
given date. When analyses of variance were calculated for 
the measurements of the lower internodes using matrix I, 
the interactions involving date of sampling were signifi­
cant, and when the data recorded at each date of sampling 
were analyzed separately (matrix II) the main effects of 
nitrogen and potassium were not the same at the three dates 
of sampling. 
Rotting was not detected at ten days after mid-silk 
and the measurements of mechanical properties were of 
unrotted internodes. Hershey (l6) reported that length 
and diameter of the lower internodes were at a maximum 
by 55 days after planting. Therefore, the measurements at 
ten days after mid-silk were representative of mature 
internodes. Stalk strength was shown to increase with time 
in one year and flexural strength was shown to remain the 
same or increase until sixty days after mid-silk two of the 
years studied. Since the stalk strength and flexural 
strength did not increase each year and since natural rotting 
symptoms were detected at sixty days past mid-silk, the stalk 
breaking strength at ten days past mid-silk was considered 
the best estimate of inherent stalk strength. The decrease 
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in strength measurements from that of the estimated inherent 
properties was assumed to be due to stalk rot and was an 
estimate of the degree of rotting. 
The pith condition ratings were estimates' of the per 
cent of dry, fluffy, white parenchyma tissue per internode. 
The increase in pith condition ratings with time were 
indications of the senescence of the pith parenchyma. 
Senescence of the parenchyma tissue'in the lowest inter-
nodes that matured first did not occur as early as in the 
higher internodes. The increase in pith condition 
ratings had an inverse relationship to the stalk breaking 
strength (r = -0.9). The data recorded in 19^ 5 provided 
a good example of the breaking strength-pith condition 
relationship. The stalk strength was not reduced signifi­
cantly until after sixty days past mid-silk and the pith 
condition rating did not increase as rapidly as observed 
in other years. 
The internode parenchyma tissue was the site of 
eroding of cells by the stalk rotting organisms. However, 
the parenchyma tissue was not rotted in all plants of a 
given hybrid. In the parenchyma that did not rot, there 
was assumed to be some mechanism for resistance to activity 
of the stalk rotting organisms. 
Since it has been reported that resistance to stalk 
rotting has to do with living intact cells, (6, yj, 
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the mechanism for resistance to stalk rot was probably 
altered, or destroyed by the cells of the stalk being 
subjected to low temperatures. By frost, the pith condition 
ratings were high since most of the hybrids had reached a 
stage of maturity such that much of the internode tissue 
was dry and fluffy. Rotting occurred at nodes more commonly 
than in internodes (11). The center of the internodes died 
before nodal regions and areas adjacent to the rind, and 
these areas were rotted more than the center of the inter­
node late in the growing season. Therefore, it was concluded 
that the well-hydrated cells in the nodal regions and 
adjacent to the rind were the more vulnerable sites of 
high activity of the stalk rotting organisms. Low pith 
condition ratings have been interpreted as being indicative 
of the resistance of the plant to stalk rot development. 
But, late in the growing season, the area of the stalk with, 
moist parenchyma tissue was where the most rotting was 
observed. 
Probably the high pith condition ratings early in 
the season were indicative of the plants that were susceptible 
to stalk rot development and not necessarily a cause and 
effect situation. Most hybrids, regardless of the degree 
of resistance, were rotted to some extent and the plants 
that had an increase in pith condition rating early in the 
growing season were more susceptible to stalk rotting 
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organisms than the plants which maintained dense, well 
hydrated parenchyma tissue later into the growing season. 
The excised rind sections were used to determine 
flexural strength since it has been reported that the rind 
was the area contributing the most to stalk strength. The 
excised rind sections were uniform in size except for the 
thickness of the rind, and the measurement of stalk strength 
was including variation in stalk diameter and rind thick­
ness. 
Stalk diameter did not show a consistent relationship 
to stalk breakage in corn. In the present study, the 
diameter of the resistant hybrid was the largest, but the 
.difference in the diameters of the resistant and susceptible 
hybrids was not significant and the hybrid intermediate in 
resistance to stalk rot had the smallest diameter of the 
three hybrids. The susceptible hybrid had the lowest 
stalk breaking strength at each sample date and the highest 
per cent of lodged plants of the three hybrids. In 
addition to the differences in stalk diameters, the 
increase for each hybrid in stalk diameter on the plots 
receiving fertilizer applications was greatest for the 
plants grown on the nitrogen treatments. But, at ten days 
after mid-silk when rotting was not detected, the inherent 
stalk strength was not significantly higher for the plants 
grown on the nitrogen treatments that had significantly 
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larger diameters than I'or the, plants grown in plots that 
did not receive nitrogen applications. 
• The thickness of rinds in the stalks was an important 
factor in determining the flexural strength of the rinds. 
The thick rinds of the intermediate hybrids, Mf9 x 1205 
and Wf9 x A257, compensated for the small diameter in 
the breaking strength of the stalks. The rind thickness 
v;as significantly larger on the nitrogen treatments for 
the intermediate hybrids at each sample date, and were 
significantly smaller for the hybrids resistant and sus­
ceptible to stalk rot. In all cases, the rinds were 
thicker in stalks of plants grown on plots that did not 
receive any fertilizer applications. Since the rind 
thickness and flexural strength measurements were closely 
associated, the thicker rinds, probably due to increased 
differentiation, on the check plots accounted for the 
higher flexural strength measurements for the no-nitrogen 
and no-potassium treatments when the data were analyzed 
as a factorial experiment. Both rind thickness and stalk 
diameter decreased during the growing season. The 
decrease in rind thickness and stalk diameter which occurred 
between samples collected at sixty days past mid-silk and 
after frost was probably due to loss of moisture. 
Both stalk breaking strength and flexural strength 
measurements were satisfactory in evaluating the lodging 
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resistance of the corn hybrids when related to their 
known lodging resistance based on past experience. However, 
the two methods of evaluating mechanical strength have 
certain limitations. The difference in the degree of rotting 
as determined by mechanical properties or detectable rotting 
of stalks that lodged and of stalks that did not lodge was 
often small. Perhaps it should be considered that the 
plants of the susceptible hybrid were the only ones of the 
three hybrids used that were lodged and the per cent of 
plants of the susceptible hybrid that lodged was not 
extremely high during any of the years that stalk rot of 
corn was studied. 
Stalk lodging was higher in 196$ and 1966 than in 196^  
or 1964. Stalk rotting symptoms were observed in all years. 
The per cent of plants rotted was high for every hybrid in 
1966, but only the hybrid classified as susceptible had more 
than ten per cent of the stalks lodged. Stalk lodging 
occurred in L317 x Hy, the hybrid with the-lowest inherent 
stalk breaking strength and flexural strength of the three 
hybrids studied. But, what was responsible for the increased 
breakage in the inherently weak stalked hybrid in some years 
and not in other years? 
Stalks lodge because the forces exerted on them exceed 
their limit of structural strength. Stalk rotting is 
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a factor that reduces the structural strength, IJithin 
hybrids the inherent strength is predetermined but stalk 
rot development is variable. 
In the years that stalk lodging was the highest, 
flexural strength was constant or increasing from ten to 
sixty days after mid-silk. Then, there was a rapid, 
significant decrease in flexural strength between sixty 
days after mid-silk and after frost. 
The mechanical strength measurements were the only 
good estimate of the degree of rotting. Any plant, 
regardless of the hybrid classification to stalk rot 
resistance, that was severely rotted as determined by 
observations of the nodes and internodes had a low stalk 
breaking strength and a low flexural strength. 
Stalk breaking strength and flexural strength both 
decreased with time after mid-silk, but the decrease in 
stalk breaking strength was more pronounced than that of 
the flexural strength (Figures 2, 4, 5). The difference 
in the trends of the breaking strength of stalks and the 
flexural strength of excised rind sections of the stalks 
was attributed to the change in shape of the stalk as 
force was applied. The rind was the area contributing 
most to stalk strength. The parenchyma tissue in the center 
of the internode adds very little to the strength of the 
stalk. As rotting occurred in the stalk later in the 
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growing season, the shape of the stalk was altered when 
force was applied in measuring stalk breaking strength. 
Several investigators have reported a reduction in 
the severity of stalk rot when potassium was applied and 
an increase in stalk rot when nitrogen was applied (8, 9, 
22, 29, '^1, 36, 40, 42). Evidence that high nitrogen 
fertilization was not consistently related to increased 
stalk rot is: a. the hybrid intermediate in resistance 
to stalk rot had a stronger brealcing strength on the nitrogen 
treatments, and b. the percentage of plants with natural 
rotting symptoms was not significantly higher on the nitrogen 
treatments. However, evidence that high nitrogen fertili­
zation was related to increased stalk rot is: a. the 
stalk breaking strength per cross-sectional area was 
lower on the nitrogen treatments than on the no-nitrogen -
treatments, at sixty days past mid-silk, and b. pith 
condition ratings were significantly higher for plants 
grown on nitrogen treatments at ten and sixty days past 
mid-silk than for plants grown on plots that did not 
receive nitrogen applications. 
Evidence that potassium chloride fertilization reduced 
stalk rot severity is: a. potassium increased the stalk 
breaking strength of stalks at sixty days past mid-silk, 
and b. potassium consistently decreased the pith condition 
ratings. Evidence that potassium chloride fertilization 
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increased stalk rot severity is; a. stalk lodging was 
significantly higher for the plants grown on the potassium 
treatments than for plants grown on plots that did not 
receive potassium applications, and b. the stalk breaking 
strength after frost was significantly higher for the 
plants grown on plots that did not receive potassium 
applications. The brealcing strength of plants grown on 
the potassium and no-potassium treatments was sufficiently 
low to question the importance of the difference and also 
indicated that there was extensive rotting on both treat­
ments after frost. 
Foley ( 9 )  reported that the actual ratio-of nitrogen 
to potassium was the important factor in the incidence and 
severity of stalk rot. In view of the yield data (Tables 
26, 27), the soil fertility of the plots where the 
experiment was conducted might not have been sufficiently 
low in nitrogen or potassium to have a nitrogen to potassium 
ratio such that the incidence and severity of stalk rot 
would be altered. The yield in bushels per acre of corn 
was increased on the plots that received nitrogen applica­
tions, but there was not a significant difference in the 
yields of the potassium and no-potassium treatments. 
It appeared form the results of this study that the 
answer to what was the influence of nutrition on stalk rot 
of corn depends on the date that measurements are recorded 
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It is necessary to relate measurements recorded late in 
the growing season to findings earlier in the season that 
are used to estimate the inherent properties of the 
hybrids. 
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SUMMARY 
The study described here was made to determine the 
influence of nitrogen and potassium fertilizers on stalk 
rot development of corn. The three hybrids used, which 
represented resistant, intermediate, and susceptible 
classes to stalk rot, differed with respect to stalk 
strength, internode diameter, rind thickness, load-deflec­
tion properties of excised rind sections, and pith 
condition. 
Breaking strength at ten days after mid-silk was 
considered an estimate of inherent stalk strength. 
Inherent stalk strength was highest for plants of the 
resistant and susceptible hybrids when they were grown 
on plots receiving potassium. Only the hybrid classified 
as intermediate to stalk rot had a higher inherent stalk 
strength when grown on plots to which nitrogen had been 
added. The intermediate hybrid had a thicker rind while 
the susceptible hybrid had a thinner rind when grown on 
the nitrogen treated plots. Stalk strength and flexural 
strength decreased late in the growing season. Most of 
the natural rotting symptoms became evident after sixty 
days past mid-silk. Natural rot incidence was negatively 
correlated with stalk breaking strength and positively 
correlated with pith condition ratings of the first 
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elongated internode. The incidence of natural rotting 
was high for the hybrids on all fertilizer treatment 
late in the growing season. The difference in natural 
rotting of plants grown on nitrogen and no-nitrogen 
treatments was not significant. Pith condition ratings 
increased during the sampling period and were negatively 
correlated with stalk strength. Nitrogen consistenly 
increased the pith condition ratings and potassium consist­
ently decreased the pith condition ratings at ten and 
sixty days past mid-silk. 
Stalk rot development at sixty days past mid-silk 
of plants grown on potassium treatments .was reduced, but 
by ten days after the first killing frost all hybrids 
were severely rotted. Measurements of strength, pith 
condition, and natural rotting indicated that stalk rot 
development was delayed in plants grown on potassium 
treatments. 
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Table 10. Stalk breaking strength (lbs.) of second 
internode ten days after mid-silk for three 
hybrids on fouir fertilizer treatments in Igô^ , 
1964, 1965 and I966 
Fertilizer 
treatment 
lbs. per acre year R 
Hybrid 
I s Average 
0-0-0 1962 l40 75 62 92 
1964 182 10:) 104 120 
1965 146 94 74 . 105^  
1966 179 90 84 • • 118 
0-0-200 1962 i:)9 87 65 97 
1964 196 119 94 126 
1965 169 86 116 
1966 187 104 90 127 
200-0-0 1963 148 78 64 97 
1964 176 118 88 127 
1965 128 108 ' 82 109 
1966 166 93 74 . 111 
200-0-200 1963 127 82 69 96 
1964 181 116 92 120 
1965 190 104 82 126 
1966 167 109 79 118 
Hybrid Average 1962 l4l 81 76 96 
1964 184 114 94 121 
1965 161 100 81 114 
1966 • 175 99 82 119 
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Table 11. Stalk breaking strength (lbs.) of second. 
internode sixty days after mid-silk of three 
hybrids on four fertilizer treatments in 
1962, 1964, 1965 and 1966 
Fertilizer Hybrid 
treatment 
lbs. per acre year R I S Average 
0
 1 0 1 0
 
1962 105 13 41 72 
1964 127 92 61 94 
1965 166 81 • 55 101 
1966 87 50 52 62 
0-0-200 1963 ^  10:) 72 46 74 
1964 159 104 60 108 
1965 169 99 74 114 
1966 121 69 66 85 
200-0-0 1963 108 67 48 74 
1964 127 95 66 96 
1965 145 101 60 102 
1966 101 48 58 69 
200-0-200 1963 107 66 44 72 
1964 145 116 70 110 
1965 16^  107 66 112 
1966 112 68 62 81 
Hybrid Average 1963 106 70 45 72 
1964 140 102 64 102 
1965 161 97 64 107 
1966 106 59 60 75 
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Table 12. Stalk breaking strength (lbs.) of second 
internode ten days after first killing frost 
of three hybrids on four fertilizer treat­
ments in 1962, 1964, 1965 and 1966 
Fertilizer Hybrid 
treatment 
lbs. per acre year RIS Average' 
0
 1 0
 1 0
 
1963 47 27 21 32 
1964 58 41 38 46 
1965 37 32 27 , 32 
1966 46 30 41 39 
0-0-200 1963 47 22 20 30 
1964 56 35 31 4l 
1965 55 20 18 31 
1966 31 19 32 27 
200-0-0 1963 50 28 19 32 
1964 47 53 34 45 
1965 58 36 26 40 
1966 43 27 36 35 
200-0-200 1963 52 23 18 31 
1964 57 47 28 44 
1965 55 47 23 42 
1966 36 23 24 28 
Hybrid Average 1963 49 25 20 31 
1964 54 44 33 44 
1965 51 34 24 36 
1966 39 25 33 32 
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Table 1^. Plexural strength (gm load/O.25 mm) of excised 
rind sections of first internode for three 
hybrids on foiir fertilizer treatments in 1964 
Fertilizer Hybrid ; 
treatment Date 
lbs/acre sampled^  RIS Ave, 
0-0-0 
2 
b; 
4 
0-0-200 (1' 
.2! 
4 
200-0-0 (1) 
I 
200-0-200 (1, 
,2 
3 
4 
Hybrid Average (1 
, 2 '  
'i: 
965 825 790 855 
865 1045 640 845 
955 855 665 825 
890 9^0 625 815 
880 845 675 800 
820 775 600 7:)o 
915 790 640 780 
780 845 585 740 
780 790 645 740 
740 655 585 655 
740 750 615 700 
725 9:)o 600 750 
805 7:)o 645" 7^0 
665 705 560 640 
755 920 640 775 
725 845 550 705 
855 800 690 780 
775 800 590 725 
840 8:50 640 775 
780 890 590 755 
P^or Tables l^ -l8: (l) = ten days after mid-silk; (2)= 
forty days after mid-silk; (3) = sixty days after mid-silk; 
(4) = ten days after first killing frost 
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Table l4. Plexupal strength (gm load/O.25 rnra) of excised 
rind sections of first internode for three 
hybrids on four fertilizer treatments in 1965 
Fertilizer 
treatment 
lbs/acre 
Date 
sampled R 
Hybrid 
I S Ave. 
0
 
1 0
 
1 Q (1) 800 775 645 740 
D) 1000 855 675 840 
(4) 845 805 600 750 
0-0-200 (1) 840 630 590 690 
D) 905 800 665 790 
(4) 875 655 585 705 
200-0-0 (1) 800 825 605 740 
(3) 920 755 675 780 
(4) 965 805 565 780 
200-0-200 (1) 940 700 565 730 
D) 890 990 590 825 
(4) 840 780 545 725 
Hybrid Average (1) 845 7:^ 0 600 725 
D) 9:^ 0 845 645 805 
(4) 880 765 575 740 
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Table 15. Plexural strength (gm load/O.25 mm) of excised 
rind sections of first internode for three 
hybrids on foiir fertilizer treatments in 1966 
Fertilizer- Hybrid 
treatment 
lbs/acre 
Date 
sampled R I S Ave 
0-0-0 ( 1 )  1195 1045 945 1060 
(3) 1160 970 855 1000 
( 4 )  1130 9^0 855 970 
0-0-200 ( 1 )  1075 1015 780 965 
( 3 )  1110 1040 775 970 
( 4 )  1045 815 775 875 
200-0-0 ( 1 )  1130 1045 775 980 
D) 1070 1120 765 990 
.  ( 4 )  965 905 740 875 
200-0-200 ( 1 )  1000 1075 755 945 
D) 1005 1095 715 940 
(4 )  9^0 875 640 815 
Hybrid Average ( 1 )  1105 1045 815 990 
D) 1085 1055 775 970 
(4 )  1020 880 755 890 
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Table l6. Plexural strength, (gm load/O.50 ram) of excised 
rind sections of first internode for three 
hybrids on four fertilizer treatments in 1964 
Fertilizer 
treatment Date 
lbs/acre sampled®-
Hybrid 
R I S Ave. 
0-0-0 (1 
(2^  
p, 
(4. 
0-0-200 (1, 
2 
4 
200-0-0 fl' 
2. 
4 
1620 1275 1200 1290 
1225 1620 945 1295 
1520 1200 1020 1275 
1460 1460 940 1265 
1420 1295 1015 1225 
1205 1150 845 1105 
1460 1145 945 1175 
1285 1220 825 1105 
1220 1125 990 1110 
970 940 840 915 
1125 1070 905 1040 
1120 1420 . 855 1120 
200-0-200 (1) 1220 1085 955 1085 
(2) 990 1005 775 920 
P 1160 1400 940 1170 (4) 1120 1265 750 1045 
Hybrid Average (l) 1^ 555 1200 1060 1200 
( 2 )  1 1 5 0  1 1 7 5  8 5 5  1 0 6 0  
(3) 1305 1225 955 1160 (4) 1245 1220 840 1125 
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Table 17» Plexwal strength load/O.^O mm) of excised 
rind sections of first internode for three 
hybrids on four fertilizer treatments in 19^5 • 
Fertilizer Hybrid 
treatment 
lbs/acre 
Date 
sampled^  R I S Ave. 
0—0—0 (1) 1285 1150 970 1135 
(2) 1620 1355 1020 1265 
(4) 1260 1245 • 840 1110 
0-0-200 (1) 1340 880 8:50 1020 
(3) 1420 1250 1005 1220 
(4) 1315 940 730 1000 
200-0-0 (1) 1250 1220 890 1120 
0) 1375 1610 1000 1315 
. (4) 1490 1210 775 1150 
200-0-200 (1) 1450 1020 800 1085 
(3) 1390 1595 845 1265 
(4) 1220 1195 730 1045 
Hybrid Average (1) 1325 1070 1060 .1150 
(3) l46o 1460 970 1285 
(4) 1315 1145 775 1075 
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Table l8. Plexural strength (gm load/O.50 mm) of excised 
rind sections of first internode for three 
hybrids on four fertilizer treatments in 1966 
Fertilizer Hybrid 
treatment 
lbs/acre 
Date 
sampled^  R I S Ave. 
0-0-0 (1) 2000 1810 1490 1766 
1990 1625 1400 1672 
(4) 1890 1490 1355 1578 
0-0-200 (1) 1830 1720 1260 1603 
1880 1690 1245 1605 
(4) 1780 1265 1210 l4l8 
200—0—0 (1) 1850 1730 1135 1571 
1810 1800 1210 1606 
(4) 1625 1465 1120 1406 
200-0-200 (1) 1640 i860 1130 1543 
1690 1820 1110 154^  
(4) 14.90 1295 965 1250 
Hybrid Average (1) 1830 1780 1621 1742 
P 1842 1736 1241 1606 (4 1696 1379 1165 1413 
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Table 19. Pith condition rating of the first through the 
fourth elongated internodes ten days after mid-
silk of three hybrids on four fertilizer 
treatments in 1963, 1964, 1965 and 1966 
Fertilizer Hybrid 
treatment 
lbs/acre R , I S 
1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th 
0—0—0 
1963 0 .0 0.4 1.4 2 .4 0 .7  1.8 2 .8  2.9 2.2 3.0 3.0 3.0 
1964 0 .0 0 .2  1.1 2 .4 0 .3  1.8 2 .7  3 .8  1 .8  2.9 3.9 4.0 
1965 0 .0 0 .5  1.4 2 .5 0 .2  1.2 2.4 3.0 2.4 3.1 3.9 4.0 
1966 0 .0 0.2 1.0 2 .2 0 .2  1.1 2 .6  3 .5  2 .6  3 .3  4.0 4.0 
0-0-200 
1963 0 .0 0 .2  0 .9  2 .0 0.4 1.4 2 .6  3 .0  2 .1  3.0 3.0 3.0 
1964 0 .0 0.1 0 .8  1  .9 0 .2  1 .7  2 .8  3 .9  1.8 2 .9  3.9 4.0 
1965 0 .0 0.1 0 .7  1 .7 0.1 1.1 2 .2  3 .0  2.4 3.0 3.8 4.0 
1966 0 .0 0 .0  0 .5  1 .6 0 .0  0 .9  2 .0  3 .3  2 .5  3.2 3.9 4.0 
200-0-0 
1963 0 .0 0.4 1.0 2 .0 1 .0  1.8 2.4 2 .9  2 .2  3.0 3.0 3.0 
1964 0 . 0  0.4 1.4 2 .6 0 .2  2 .0  3.1 3 .9  2 .2  3.2 4.0 4.0 
1965 0 . 3  1.4 2.3 3 . 0  0.3 1.7 2.7 3.0 2.7 3.0 4.0 4.0 
1966 0 .0 0 .7  1.5 2 .7 0.3 1.7 3.0 3 .8  2 .6  3.4 4.0 4.0 
200-0-200 
1963 0 .0  0.4 
1964 0 .0  0 .1  
1965 0 .0  0 .3  
1966 0 .0  0 .2  
1.0  2 .0  0 .8  1 .9  2 .6  
0.8 2.0 0.4 1.8 2.8 
1.2 2.2 0.2 1.5 2.5 
1.0 2.0 0.1 1.2 2.5 
2.9 2.0 3.0 3.0 3.0 
3.8 2.0 3.0 3.8 4.0 
3.0 2.5 3.0 3.9 4.0 
3.4 2.4 3.4 4.0 4.0 
Hybrid 
Average 
1963 0.0 0.4 
1964 0.0 0.2 
1965 0.1 0.6 
1966 0.0 0.3 
1 .1  2 .1  0 .7  1 .7  2 .6  
1 .0  4.4 0 .3  1 .8  2 .8  
1 .4  2 .4  0 .2  1 .4  2 .5  
1 .0  2 .1  0 .2  1 .2  2 .5  
2 .9  1 .9  3 .0  3.0 3 .0  
3 .8  2 .0  3 .0  3 .9  4 .0  
3 .0  2 .5  3 .0  3 .9  4 .0  
3 .5  2 .5  3 .3  4 .0  4 .0  
Table 20. Pith condition rating of the first through the 
fourth elongated internodes sixty days after 
mid-silk of three hybrids on four fertilizer 
treatments in 19^3^ 1964, 1965 and 1966 
Fertilizer Hybrid 
treatment 
lbs/acre R I S 
1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th 
0-0-0 
1963 1.9 2.7 3.3 3.7 3.0 
1964 1.5 2.3 3.1 3.7 0.8 
1965 0.8 1.5 2.3 2.9 1.9 
1966 3.6 3.9 4.1 4.1 3.4 
3.8 4.0 4.0 4.0 4.0 4.1 4.1 
2.4 3.4 4.0 3 .8  4.2 4.3 4.3 
2 .8  3 .4  3.9 3.7 4 .0  4 .1  4 .1  
3.9 4.0 4.1 4.1 4.3 4.3 4.3 
0-0-200 
1963 1 .7  2 .6  3 .3  3 .6  2 .6  3.5 3.8 4.0 3 .8  4.0 4.0 4 .0 
1964 0 .2  0 .8  1 .6  2 .5  0 .4  2.2 3.2 4.0 3.2 3.9 4.1 4 . 1  
1965 0 .2  0.9 1.5 2.3 1.2 2 .1  3.1 3.6 3.2 3.5 4.0 4 . 1  
1966 2 .3  2 .8  3 .5  3 .5  3 .0  3.7 4.0 4.0 3 .7  4.0 4.1 4 . 1  
200-0-0 
1963 2 .5  3 .0  3 .5  3 .7  3 .2  3.7 4.0 4.0 4.0 4.0 4.0 4 .0 
1964 1 .3  2.2 3.0 3.6 1 .6  2 .8  3.6 4.0 3.3 4.0 4.0 4 .0 
1965 1 .3  2 .0  2 .6  3.3 1.8 2 .7  3.5 4.0 3.3 3.7 4.1 4 . 1  
1966 3 .0  3.4 3.7 4.0 3 .8  4.0 4.0 4.0 3.7 4.0 4.1 4 . 1  
200-0-200 
1963 2 .0  2 .6  3 .2  3.5 3.0 3 .6  4.0 4.0 4.0 4.1 4.1 4 . 2  
1964 0 .5  1 .2  2 .1  2.9 0 .8  2.4 3.4 4.0 3.1 3.9 4.1 4 .1 
1965 0 .7  1 .5  2 .3  2 .8  1 .0  2.2 3.2 3.8 3.1 3.3 4.0 4: . 0  
1906 2.4 3.0 3.4 3.8 3.2 3.7 4.0 4.0 3 .8  4.1 4.2 4, . 2  
Hybrid 
Average 
1963 2.0 2.7 3.3 3.6 3.0 3.6 4.0 4.0 4.0 4.0 4.0 4.1 
1964 0.9 1.6 2.4 3.20.9 2.4 3.4 4.0 3.4 4.0 4.1 4.1 
1965 0.8 1.5 2.2 2.8 1.3 2.5 3.3 3.8 3.3 3.6 4.1 4.1 
1966 2.8 3.3 3.7 3 .8  3 .4  3 .8  4 .0  4 .0  3 .8  4 .1  4 .2  4 .2  
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Table 21, Pitii condition rating of the first through the 
fourth elongated internodes ten days after 
first killing frost of three hybrids on four 
fertilizer treatments in 196^, 1964, 1965 and 1966 
Fertilizer Hybrid 
treatment 
lbs/acre R I S 
1st 2nd ^ rd 4th 1st 2nd ^ rd 4th 1st 2nd ^ rd 4th 
0—0—0 
1963 4.3 4.2 4.2 4.3 4.5 4. 5  4 . 5  4 . 5  4 . 9  4 .9  4 .9  4 .9  
1964 4. 5  4.5 4.5 4 . 5  4 .9  4.9 4 .9  4.9 4.8 4.8 4.8 4.8 
1965 4.2 4.2 4.2 4.2 4.8 4.8 4.8 4.8 5 . 0  5 . 0  5 . 0  5. 0  
1966 4.6 4.6 4.6 4.6 4.8 4.8 4.8 4.8 4.9 4.9 4.9 4.9 
0—0—200 
1962 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 5.0 5.0 5.0 5.0 
1964 4.0 4.2 4.2 4.2 4.9 4.9-4.9 4.9 4.8 4.8 4.8 4.8 
1965 2.2 2.6 2.9 4.0 4.8 4.8 4.8 4.8 4.9 4.9 4.9 4.9 
1966 4.4 4.4 4.4 4.4 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 
200-0-0 
1962 4.1 4.1 4.1 4 .1  4.4 4.4 4.4 4.4 4 . 9  4.9 4.9 4 . 9  
1964 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.7 4.7 4.7 4.7 
1965 4.0 4.2 4.2 4.2 4.6 4.7 4.7 4.7 4.8 4.8 4.8 4.8 
1966 4.5 4.5 4.5 4.5 4.8 4.8 4.8 4.8 4. 7  4 .7  4 .7  4. 7  
200-0-200 
1962 2.9 2.9 2.9 2.9 4.4 4.4 4.4 4.4 4.8 4.8 4.8 4.8 
1964 2.9 4.1 4.1 4.1 4.1 4.2 4.2 4.2 4.7 4.7 4.7 4.7 
1965 2.5 2.8 4.0 4.1 2.9 4.2 4.4 4.4 4.6 4.6 4.7 4.7 
1966 4.6 4.6 4.6 4.6 4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 
Hybrid 
Average 
1962 4.2 4.2 4.2 4.2 4.4 4.4 4.4 4.4 4.9 4.9 4.9 4.9 
1964 4.2 4.2 4.2 4.2 4.5 4.6 4.6 4.6 4.8 4.8 4.8 4.8 
1965 2 .8  4 .0  4 .1  4 .2  4 .5  4.6 4.7 4.7 4.8 4.8 4.8 4.8 
1966 4.5 4.5 4.5 4 .5  4.8 4.8 4.8 4.8 4.8 4.8 4.8 4.8 
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Table 22. Stalk diameter (cm.) of second internode for 
three hybrids on four fertilizer treatments 
ten days after first killing frost in 1962, 
1964, 1965 and I966 
Fertilizer 
treatment 
lbs. per acre year R 
Hybrid 
I S Average 
0
 
1 0
 
1 0
 
1962 2 .06  1.86 2.14 2 .02  
1964 2.42 2 .09  2.27 2.29 
1965 2 .22  1 .90  2.14 2.09 
1966 2 .10  1 .76  2 .15  2 .00  
0-0-200 1963 2.00 1.82 2.04 1.95 
1964 2.50 2.18 2.20 2.29 
1965 2.35 1.90 2.12 2.12 
1966 2.^2 1.69 2.19 2.07 
200-0-0 1963 2.17 2.00 2.04 2.07 
1964 2.37 2.25 2.25 2.26 
1965 2.41 2.24 2.27 2.21 
'  1966  2 .22  2 .00  2 .28  2 .20  
200-0-200 1962 2.18 1.96 2.07 2.07 
1964 2.52 2.21 2.22 2.29 
1965 2.50 2.16 2.20 2.29 
1966 2.22 1.95 2.24 2 .17  
Hybrid Average I962 2.10 I.9I 2.07 2.02 
1964 2.46 2.22 2.21 2.22 
1965 2.27 2.05 2.18 2.20 
1966 2.27 1.85 2.22 2.11 
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Table Rinà thickness (mm.) of first internode for 
three hybrids on four fertilizer treatments 
ten days after first killing frost in 196^ , 
1964, 1965 and 1966 
Fertilizer Hybrid 
treatment 
lbs. per acre year R I S Average 
0-0-0 1963 2.5 2.0 2.2 2.2 
1964 2.9 2.8 2.4 2.4 
1965 2.5 2.5 2.0 2.2 
1966 2.4 2.2 2.0 2.2 
0-0-200 1962 2.4 2.5 2.0 2.2 
1964 2.8 2.7 2.2 2.6 
1965 2.6 2.2 2.0 2.2 
1966 2.4 2.1 2.0 2.2 
200-0-0 1963 2.6 2.5 1.8 2.2 
1964 2.7 2.0 2.2 2.7 ... 
1965 2.8 2 .5  2.1 2.5 
1966 2.4 2.1 2.0 2.2 
200-0-200 1962 2.5 2.2 1.8 2.2 
1964 2.9 2.9 2.2 2.7 
1965 2.6 2.5 2.0 2.4 
1966 2.2 2.2 1.8 2.1 
Hybrid Average 1962 2.5 2.2 2.0 2.2 
1964 2.8 2.9 2.2 2.7 
1965 2.6 2.4 2.0 2.2 
1966 2.4 2.2 2.0 2.2 
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Table 24. Plants with natural rotting symptoms (per cent) 
at ten days after first killing frost of 
three hybrids on four fertilizer treatments in 
1962, 1954, 1965 and 1966 
Fertilizer Hybrid 
treatment 
lbs. per acre year R • I S Average 
0-0-0 1963 2$ .0  5.0 15 .0  15.0 
1964 65.0 65 .0  67 .5  65 .8  
1965 37.5 25.0 55 .0  39.2 
1966 40.0 55.0 46.7 47.2 
0-0-200 1963 22.5 15.0 12 .5  16.6 
1964 4$.0 95.0 70 .0  70 .0  
1965 12.5 42.0 50 .0  8^.2 
1966 52.5 50.0 62 .5  55.0 
200-0-0 • 1963 0 .0  12.5 7.5 • 6.6 
1964 47.5 25.0 70 .0  47 .5  
1965 27 .5  60 .0  60 .0  49 .2  
1966 47 .5  75.0 55.0 59.2 
200-0-200 1963 2.5 15.0 2 .5  6.6 
1964 12 .5  20.0 82 .5  38.J 
1965 27 .5  47.5 60 .0  45.0 
1966 62 .5  80.0 75.0 72 .5  
Hybrid Average 1962 12 .5  11.9 9.4 11.2 
1964 41.2 49.4 72.5 54.2 
1965 20.6 42.5 66 .9  46.7 
1966 50.6 65.0 60 .0  58 .5  
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Table 25. Stalk lodging (per cent) in field at ten days 
after first killing frost of three hybrids on 
four fertilizer treatments in igS^ , 1964, 
1965 and 1966 
Fertilizer Hybrid 
treatment 
lbs. per acre year R I S Average 
0-0-0 1963 0.0 2.5 2.5 1.6 
1964 0.0 0.0 0.0 0.0 
1965 2.5 0.0 10.0 4.2 
1966 0.0 0.0 5.0 • 1.7 
0-0-200 1962 0.0 0.0 0.0 0.0 
1964 0.0 0.0 10.0 
1965 0.0 . 0.0 50.0 16.7 
1966 5.0 7.5 27.5 13.3 
200-0-0 1963 0.0 0.0 0.0 . 0.0 
1964 0.0 0.0 12.5 4.2 
. 1965 0.0 5.0 20.0 8.^  
1966 0.0 0.0 12.5 4.2 
200-0-200 1962 0.0 0.0 0.0 0.0 
1964 0.0 0.0 22.5 7.5 
1965 0.0 0.0 40.0 13.2 
1966 2.5 20.0 37.5 20.0 
Hybrid Average 1963 0.0 0.6 0.6 0.4 
1964 0.0 0.0 11.2 .^7 
1965 0.6 1.2 30.0 10.6 
1966 1.9 6.9 20.6 9.8 
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Table 26. Yield in bushel per acre of three hybrids on 
four fertilizer treatments in Igo^ , 1964, 
1965 and 1966 
Fertilizer Hybrid 
treatment 
lbs. per acre year R IS Average 
1963 112 86 112 104 
1964 125 112 108 115 
1965 87 74 65 75 
1966 82 84 82 83 
0-0-200 1963 112 87 98 
1964 122 126 102 
1965 73 64 • 59 
1966 81 93 84 
99 
1 
1963 128 89 106 108 
1964 146 137 139 
1965 110 116 93 106 
1966 113 110 112 112 
1963 126 100 102 105 
1964 143 121 118 127 
1965 94 116 72 94 
1966 106 110 100 105 
Hybrid Average 1963 120 91 105 105 
1964 134 123 116 124 
1965 91 92 72 85 
1966 96 99 94 96 
Table 27. Surtiination of variables measured at intervals after mid-
silk for three corn hybrids grown on nitrogen and no-
nitrogen treatments in 1964, 1965 and 1966 from results 
of analysis of variajice using matrix II 
10 days 60 days after frost 
Variables N no N F . 
values 
N no N p N 
values. 
no N F 
values 
Stalk str. 120 122 0.30 95 94 0.07 29 37 1.66 
Flex. str. 940 990 7.01** 970 1000 1.71 875 920 6.23* 
Stalk dia. 2.44 2.32 43.32** 2.40 2.29 46.73* * 2.29 2,14 66.06** 
Rind thick. 2.57 2.62 6.33i(- 2.56 2.59 2.15 2.40 2.39 0.47 
Pith Rating 
1st 
2nd 
0.90 
1.77 
0.81 
1.52 
11.67** 
37.38** 
2.32 
2.99 
2.28 
2.95 
0.23 
0.35 
4.42 
4.50 
4.62 
4.65 
18.46** 
16.54** 
Natural Rot 0.00 0.00 0.00 8.61 5.83 2.31 51.00 56.00 1.57 
Stalk lodg. 0.00 0.00 0.00 1.25 0.28 2.71 10.00 6.00 3.78 
Yield — — — — — — — — — — — — — — ii4.00 92.00 75.53** 
Table 28. Summation of variables measured at intervals after mid-
silk for three corn hybrids grown on potassium and no-
potassium treatments in 1964, I965 and 1966 from results 
of analysis of variance using matrix II 
10 days 60 days after frost 
Variables K no K F 
values 
K no K P 
values 
K no K P 
values 
Stalk str. 125 117 11.52** 102 87 14.85** 36 ' 4o 4.48* 
Flex. str. 940 990 7.70%% 970 1000 1.57 865 940 15.07** 
Stalk dia. 2.42 2.34 22.59** 2.38 2.30 26.11** 2.22 2.21 0.64 
Rind thick. 2.59 2.61 1.42 2.59 2.58 0.00 2.37 2.42 3.74 
Pith Rating 
1st 
2nd 
0.82 
1.53 
0.89 
1.76 
5.49* 
21.13** 
2.00 
2.73 
2.60 
3.21 
46.98** 
42.33** 
4.41 
4.50 
4.62 
4.64 
20.05** 
14.26** 
Natural Rot 0.00 0.00 0.00 6.25 8.19 1.13 54.00 52.00 0.37 
Stalk lodg. 0.00 0.00 0.00 1.11 0.42 1.38 12.00 4.00 30.04** 
Yield — — — — — 100 105 3.04 
Table 29. Analysis of variance using matrix I for stalk strength, 
stalk diameter, and rind thickness of three hybrids 
on four fertilizer treatments in 196^  (f values ajid error M.S.) 
Source of variation D.P. Stalk str. Stalk dia. Rind thick. 
A freplicate) 3 0.84 0 .87  1.84 
B (hybrid) 2 413.40** 106.90** 47.68** 
AB 6 (171.39) (0 .02 )  (0.04) 
1 4.30* 124.2?** 3.82 
D (potassium) 1 0 .06 - 0.40 9.96** 
CD 1 0 .02  0.04 0 .96  -
BC 2 1.30 6.76%% 2 .96  
BD 2 0.38 0 .31  - 0.04 
BCD 2 1.54 1 .87  0 .20  
Error B 27 (275.72) (0 .01 )  (0.04) 
P (date sojapled) 3 303.59** 7.19** 112.79-** 
BP 6 16.90** 1.94 4.32** 
CP 3 1.34 . 2 .62  0 .29  -
DP 3 0.94 2 .17  1 .27  
CDP 3 0 .96  3.14* 1 .05  
BCP 6 0.46 0 .93  0.88 
BDP 6 0 .25  0.43 0 .63  
Error ll4 (137 .52 )  (0.01) (0.04) 
Total 191 
Table ^ 0. Analysis of variance using matrix I for first internode 
pith condition rating, natural rotting, stalk lodging 
and yield of three hybrids on four fertilizer treatments 
in 196^  (F values and error M.S.) 
Source of variation D.P. Pith rating Nat. rot 
A (replicate) 3 
B (hybrid) 2 
AB 6 
C (nitro gen) 1 
D (potassiujn) 1 
CD 1 
BC 2 
BD 2 
BCD 2 
Error B 27 
P (date sampled) 3 
BP 6 
CP 3 
DP 35 
CDP 
BCP 6 
BDP 6 
Error 114 
Total 191 
3.71 2.84 
1049.23%* 1 .82  
(0 .17 )  (170.14) 
3.05 0.44 
22.85** 0.01 
0 .69  0 .01  
3.74* 0 .90  
0 .20  0 .72  
0.96 0 .10  
(0 .08 )  (07 .67 )  
1746.97*% 9.59%" 
74.60'>:* 2 .09  
6.26** 2 .82*  
2 .52  .  0.24 
0.24 0.44 
1 .77  1 .36  
0 .47  0 .16  
(0 .06 )  (141.32) 
Lodg. Yield 
2.05 2.74 
0.51 22.39** 
(0 .52 )  (34.81) 
2.05 3.35 
2.05 0.92 
2.05 1.32 
0.51 2.27 , 
0.51 1.91 
0.51 0 .03  
(1.04) (34.12) 
2.05 
0.51 
2.05 
2.05 
2.05 
0.51 
0.51 
(1.01) 
CO 
Table ^ 51. Analysis of variance using matrix I for stalk strength, 
flexural strength, stalk diameter and rind thickness 
of three hybrids on four fertilizer treatments in 1964 
(P values and error M.S.) 
Source of variation D.P, Stalk str. PIex. str. stalk dia. Rind thick. 
A (replicate) 3 0 .80  2.09 3.85 4.03 
B (hybrid) 2 554.07** 12.46** 66.46** 58.64** 
AB 6 (285 .13 )  (919.95) (0 .01 )  (0 .06 )  
C fnitrogen) 1  0 .07  26.64** 39.38** 6.78** 
D (potassi-um) 1  4.93* 4 .62*  8.21** 1 .08  
CD 1  0.04 5.08* 2 .02  5.91** 
BC 2 2 .74  3 .00  3.30 5.61** 
BD 2 3 .16  0.01 4 .56*  1 .29  
BCD ' 2 ,  1 .36  ,  0 .70  1.41 ,1.36, 
Error B 27 (319 .21 )  (200 .27 )  (0 .02 )  (0 .02 )  
F (date sampled) :5 501.26** 2.91* 26.31** 9.63** 
BP 6 35.42%% 2 .82*  2.54* 4.46** 
CP 3 0 .65  1 .77  1.28 2.33 
DP 3 4.47-*"* 1 .30  1.14 1.38 
GDP 3 0.40 0.39 1 .02  0 .23  
BGP 6 0 .82  1.47 1 .02  1. 27  
BDP 6 0.48 0.46 ,1.43 , 0 .17  
Error 114 (137. 09 )  (168 .11 )  (0 .01 )  (0 .03 )  
Total 191 
00 
ui 
Table 22. Analysis of variance using matrix I for first internode 
pith condition rating, natural rotting, stalk lodging 
and yield of three hybrids on four fertilizer treatments 
in 1964 (F values and error M.S.) 
Source of variation D.F. Pith rating Nat. rot Lodg. Yield 
A (replicate) 3 1 .10  3.07* 0 .89  3.1?* 
B (hybrid) 2 865.15** 14.44%% 8.99** 7.56** 
AB.  ,  6  (0 .40 )  (109 .20 )  (18 .58 )  (22 .42 )  
C (nitrogen) 1 0.l4 14.44** 3.01 2].55 
D (potassium) 1 44.96** 0.01 2.02 I. 65  
CD 1  0.08 0.44 0.02 2.93 
BC 2  0 .28  4.40% 3 .01  1.44 
BD 2  2 .78  3 .67% 2 .02  1 .04  
BCD 2 0.85 0.90 0.02 1.11 
B \  27  (0 .11 )  (157 .23 )  (17 .65 )  (35 .35 )  
P (date sampled) 3 l6l6.64** 230.61** 7.79** 
BP 6 63.73^* 6.80** 7.79** 
CP 3 6.85** 12.16** 2.35 
DP 3 11.61** 0.06 1.48 
CDP 3  1 .10  0 .44  0 .02  
BCP 6 6.10** 7.63** 2.35* 
BDP 6  2 .16  2 .55*  1.4, 
Error li4 (0 .08 )  (143.10) (20 .92 )  
Total 191 
Table 33' Analysis of variance using matrix I for stalk strength, 
flexural strength, stalk diameter and rind thickness 
of three hybrids on four fertilizer treatments in 1965 
(P values and error M.S.) 
Source of variation D.P. stalk str. FleXo str. Stalk dia. Rind thick. 
A (replicate) 3 1.28 12.16** 3 .88  2 .92  
B (hybrid) 2 40.55"% 51.93** 51.10** 46.25** 
AB 6 (1453.51) (274.59) (0 .03 )  (0 .08 )  
C (nitrogen) 1 1 .17  0.74 25.15** 0 .63  
D (potassium) 1 2.95 2.34 4.44* 3.27 
CD 1 0.04 0 .28  1 .51  1.84 
BC 2 2.09 1.49 2 .61  2.24 
BD 2 2.64 0.48 1 .60  1 .89  
BCD 2 ,n 0-36 0 .23  0 .53  2 .92  
Error B 27 (872 .07 )  (399.48) (0 .03 )  (0.03) 
F (date sampled) 2 260.45** 15.03** 25.80** 54.16** 
Bl-' 4 16.29^% 2 .00  4.38** 3.99** 
CP 2 0 .88  0.03 2.12 2.04 
DP 2 1.73 0 .27  2 .63  0.64 
CDF 2 0 .16  0 .11  0 .22  0.35 
BCF 4 0.54 1 .02  0.13 0 .45  
BDF 4 1 .58  2 .12  1 .18  0 .29  
Error 76 (339.89) (143.58) (0.01) (0.02) 
Total 143 
Table Jik. Anfilysis of variance using matrix I for first internode 
pith condition rating, natural rotting, stalk lodging 
and yield of three hybrids on four fertilizer treat­
ments in 1965 (F values and error M.S.) 
Source of variation D.P. Pith rating Nat. rot Lodg. Yield • 
A (replicate) 3 0.79 2.19 1.24 2.22 
B (hybrid) 2 308.43*% 12.12** 6.04* 8.21* 
AB 6 (0.37) (222.18) (229.86)(126.02) 
C (nitrogen) 1 0,05 0.08 1.16 17.22*-
D (potassium) 1 28.32** 0.27 15.67-* 1.26 
CD 1 0.57 0.02 1.16 0.70 
BC 2 2.92 1.68 0.87 0.48 
BD 2 1.52 1.40 22.76*% 1.45 
BCD 2 0.72 0.88 0.87 0.11 
Error B 27 (0.18) (188.25) (21.45)(152.07) 
26.14** F (date s ampled) 2 926.2?:-% 122.92%% 
BP 4 20.68*% 6.58%% 21.51** 
CP 2 2.08% 0.52 0.24 
DP 2 4.24=:- 0.09 4.80* 
CDF 2 0.12 0.29 1.22 
BCP h 1.18 2.92% 0.29 
BDP 4 0.82 1.05 7.14** 
Error 76 (0.17) (229.14) (60.91) 
Total 142 
Table -35. Analysis" of variolice usine matrix I for stalk strength, 
flexural strength, stalk diameter, and rind thickness 
of three hybrids on four fertilizer treatments in I966 
(F values and error M.S.) 
Source of variation D.F. Stalk str. Flex. str. Stalk dia. Rind thick, 
A (replicate) 3 0.26 0.89 0.68 1.48 
B (hybrid) 2 70.87*% 31.45%% 315.10*% 82.87* 
AB 6 (521.50) (1194.87) (0.01) (0.02) 
G (nitrigen) 1 2.10 12.97*" 62.87*% 7.75* 
D (potassium) 1 5.91* 14.87*% 24.40%* 2.25 
CD 1 0.68 0.67 12.91** 0.12 
BC 2 0.82 12.76*% 5.93** 4.38* 
BD 2 0.99 2.02 2.33 i.bo 
BCD 2 0.82 0.12 0.26 0.62 
Error B 27 (224.58) (319.70) (0.01) (0.01) 
F (date sampled) 2 368.73%* 20.49%% 95.54** 46.69* 
BP 4 31.05"% 3.36* 0.70 15.96* 
CP 2 0.96 1.33 3.21% 0.28 
DP 2 7.66*% 0.66 3.94* 0.03 
CDP 2 0.37 0.72 0.10 0.40 
BCP 4 0.69 0.34 0.36 0.76 
BDP 4 0.43 0.69 1.37 0.38 
Error ?6 (234.12) (279.82) (0.01) (0.02) 
Total 143 
Table ^ 6. Analysis of variance using matrix I for first internode 
pith condition rating, natural rotting, stalk lodging and 
yield of three hybrids on four fertilizer treatments 
in 1966 (F values and error M.S.) 
Source of variation D.F. Pith rating Nat. rot Lodg. Yield 
A 
B (hybrid _ 
AB 
C fnitrogen) 
D (potassium) 
CD 
BC 
BD 
BCD 
Error B 
F (date Hanmled) 
BP 
CF 
DF 
CDF 
BCF 
BDF 
Error 
Total 
3 0.06  ^1.63 4.44 1.61 
2 80.69:'% 2.11 12.18-* 0.40 
6 (0.26) (157.98) (50.69)(226.41) 
1 0.01 11.44-::-::- 1.70 25.34*' 
1 11.85*% 0.80 15.21*- 0.13 
1 0.75 0.05 0.42 1.05 
2 1.45 0.36 0.74 0.17 
2 1.3,3 0.73 3.22 0.44 
2 0.87 0.13 0.^ 2 0.05 
27 (0.15) (165.40) (58.80) (61.66) 
2 . 1138.99:'% 268.89::-:- 29.90:-" 
4 49.94%^  1.78 9.43"% 
2 0.06 u^64% 1.60 
2 5.70*% Z|.. 04-;:. 14.38%% 
2 0.80 0.28 0.30 
4 0.48 0.82 0.69 
4 1.63 0.62 2.38 
n 
(0.16) (179.11) (46.24) 
vo 
o 
Table 37» Analysis of variance using matrix II for stalk strength, 
flexural strength, stalk diameter, rind thickness and 
first internode pith condition rating of three hybrids 
on foizr fertilizer treatments ten days after mid-silk 
in 1964, 1965, and 1966 (P values and error M.S.) 
Source of Stalk Flex. Stalk Rind Pith 
variation D.P. str. str. dia. thick. rating 
A (year) 2 17.52** 101.46** 17.00** 17.19** 14.00** 
Error for year 9 (209.11) (918.22) (0.02) (0.16) (0.03) 
C (hybrid) 2 4l8.22** 30.76** 150.30** 57.48** 2687.69** 
AC 4 1.15 3.21* 1.67 4.30* 21.83** 
Error A 18 (320.07) (474.17) (0.01) (0.05) (0.06) 
D (nitrogen) 1 0.30 7.01** 43.32** 6.33* 11.67** 
F (potassium) 1 11.52** 7.70** 22.59** 1.42 5.49* 
DP 1 0.01 2.56 4.40* 2.96 1.61 
CD 2 3.21** 2.78 4.50* 3.43* 0.94 
CP 2 2.93 0.24 4.74* 0.63 0.26 
CDF 2 0.34 0.36 0.16 0.33 0.77 
AD 2 3.02 3.95* 2.15 3.61* 1.79 
AF 2 1.13 , 1.43 0.55 0.04 1.56 
Error 95 (241.26) (206.14) (0.01) (0.02) (0.03); 
Total 143 
Table 38. Analysis of variance using matrix II for stalk strength, 
flexural strength, stalk diameter and rind thickness of 
three hybrids on four fertilizer treatments sixty days 
after mid-silk in 1964, 19^ 5 and 1966 (F values and error M.S.) 
Source of variation D.F. Stalk str. Flex. str. Stalk dia» Rind thick. 
A (year) 2 14 .11** 94.36** 7.05** 36.25** 
Error for year 9(1035.39) (780.90) (o.o4) (0.04) 
C (hybrid) 2 63.85** u^31 152.83** 151,20** 
AC 4 3.41* 2.62 10.41** 1.13 
Error A 18(1034.33) (650.57) (p.01) (0.04) 
D (nitrogen) 1 0.07 1.71 46.73** 2.15 
P ("Dotassiujn) 1 14.85** 1.57 26.11** 0.00 
DP 1 0.35 0.83 8.11** 0.59 
CD 2 0.97 11.16** 2.43 4.85** 
CP 2 0,94 1.75 0.14 1.21 
CDF 2 0.06 0.21 1.22 1.18 
AD 2 0.05 1.34 0.02 0.06 
AP 2 0.20 0.88 0.70 1.95 
Error 95 (485.05) (222.72) (0.01) (0.01) 
Total 143 
Table 39- Analysis of variance using matrix II for first internode 
pith condition rating, natural rotting and stalk lodging 
of three hybrids on four fertilizer treatments sixty 
days after mid-silk in 1964, 1965 and 1966 (f values and 
error M.S.) 
Source of variation D.F. Pith rating Nat. rot Lodg. 
A (year) 2 
Error for year 9 
C (hybrid) 2 
AG 4 
Error A I8  
D fnitrogen) 1 
F (potassium) 1 
DP 1 
CD 2 
CP 2 
CDF 2 
AD 2 
AP 2 
Error 95 
Total 143 
149.22** 0.28 0.74 
(0.35) (148.61) (26.16) 
202.52** 11.45** 2.21 
19.43** , 0.52 , 1.55 
(0.58) (106.94) (2b.lb) 
0.23 2.21 2.71 
46.98** 1.12 1.28 
0 .81  0.02 1.28 
2.42 0.27 2.71 
2.24* 0.99 1.28 
1.68 1.82 1.28 
0.21 2.22 0.87 
0.20 0.72 0.22 
(0.27) (120.22) (12.54) 
Table 40. Analysis of variance using matrix II for stalk strength, 
flexural strength, stalk diameter and rind thickness of 
three hybrids on four fertilizer treatments ten days 
after first killing frost in 1964, 19^ 5 and 1966 (p values 
and error M.S.] 
Source of variation D.P. Stalk str. Flex. str. Stalk dia. Rind thick. 
A (year) 2 .9.26** 100.21** 31.00** 39.62** 
Error for year 9 (146.97) (516.68) to.02) (0.08) 
C (hybrid) 2 63.12** 88.05** 113.45** 169.17** 
AC 4 8.54** 9.05** 9.78** 
Error A 18 (250.74) (0.02) (0.02) 
1 1.66 6.23* 66.06** 0.47 
F (potassium) 1 4.48* 15.07** 0.64 3.74 
DP 1 0.44 0.78 1.18 2.52 
CD 2 5.66** 3.89* 8.82** 3.41* 
CP 2 4.22* 0.17 8.08** 0.94 
GDP 2 2.23 0.48 0.46 1.36 
AD 2 6.44** 5.11** 2.52* 2.84 
AP 2 2.10 0.82 0.01 0.63 
Error 95 (81.86) (206.37) (0.01) (0.02) 
Total 143 
Table kl. Analysis of variance using matrix II for first internode 
pith condition rating, natural rotting, stalk lodging 
and yield of three hybrids on four fertilizer treatments 
ten days after first killing frost in 1964, 1965 and 1966 
(F values and error M.S.) 
Source of variation D.P. Pith rating Nat. rot Lodg. Yield 
A (year) 2 5,95** 1.19 1.44 26.76** 
Error for year 9 (0.21) (1447.38) (467.13) (665.83) 
C (hybrid) 2 68.54** 15.77** 23.07** 10.54** 
AC 4 ,8.13** 2.66 1.93 3.72 
Error A 18  (0 .06 )  (437.62) (248.38) (382.32) 
D (nitrogen) 1  18.46** 1 .58  3.78 75.53** 
F (potassium) 1  20.05** 0.37 30.04** 3.04 
DP 1  0 .02  0 .21  0 .12  4.54* 
CD 2 5.92** 0.40 2 .12  0 .06  
CP 2 5.86** 2.52 16.46** 3.16* 
CDF 2 3.04 0 .56  0.62 0 .70  
AD 2 4.60* 9.30** 0 .71  1 .06  
AP 2 6.05** 1.24 3.66* 0.36 
Error 95 (0 .08 )  (498.62) (88.87) (239.19) 
Total 143 
96 
Table 42. Dates of planting, silking, and. killing frost 
in 1963, 1964, 1965, and 1966 
Yeeir Planted Mid-Silk Killing frost 
R I S  
196:) 5/8 7/29 7/27 8/1 10/26 
1964 5/15 7/23 7/21 7/27 10/11 
1965 5/12 7/^ 0 7/26 8/2 10/27 
1966 5/10 8/1 7/29 8/5 10/15 
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Statistical Analysis 
The data for the variables measured were analyzed on the 
basis of plot means. Analysis of variance was calculated 
using mean values of three hybrids on four fertilizer treat­
ments obtained at intervals after mid-silk for each year's 
data in 196^ , 1964, 1965, and 1966 (Tables 29-^ 6). The 
statistical model of the replicated, randomized, split-plot 
design is as follows: 
 ^ + (ODjid + 
(BC)jk + (BD)jl ' (BCD)3j,I + + P,. + 
(BP)jm + (CF)im + (DP)lm + (CDP)klm + 
(BCP)jkm 
= overall mean 
= replication effect; i = 1, 2, 4 
= hybrid effect; j = 1, 2, ^  
= main-plot error 
= nitrogen effect; k = 1, 2 
= potassium effect; 1 = 1, 2 
= interaction effect between nitrogen and 
potassium 
= interaction effect between hybrid and nitrogen 
= interaction effect between hybrid and 
potassium 
(BCD)jk2= interaction effect among hybrid, nitrogen, 
and potassium 
"^ ijkl = error B = sub-plot error 
^^ jKlm -
where 
u 
A 
•1 
Bj 
(ffi)ij 
Ok 
(CD)kl 
(BC)jk 
(BD)jl 
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sample date effect; m = 1, 2, 4 for 196^  
and 1964; ra = 1, 2, 3 for 1965 and 1966 
interaction effect between hybrid and sample 
date 
interaction effect between nitrogen and 
sample date 
interaction effect between potassium and 
sample date 
interaction effect among nitrogen, potassium, 
and sample date 
interaction effect among hybrid, nitrogen, 
and sample date 
interaction effect among hybrid, potassium, 
and sample date 
experimental error 
For the purpose of P-tests, the main-plot error was used in 
calculating the P values for replication and hybrid effects; 
the sub-plot error (Error B) was used in calculating the 
P values for nitrogen and potassium effects and interaction 
effects of nitrogen, potassium, and hybrid; the experimental 
error was used in calculating the P values for sample date 
effect and interaction effects involving sample date; 
In addition to the individual year analyses, analysis 
of variance was calculated combining data from 1964, 1965, 
and 1966 experiments for individual sample dates (Tables 
37-4i). Por the purpose of P-tests, the year effect was 
considered to be a fixed effect. The statistical model is 
as follows: 
%ijklm = u + Aj_ + + (AG)^  ^+ ^ ijk ^^ *1 ^  
Pm + (DP)im + (OD)kl + (CP)km + (aDi')klm + 
(AD)^ 1 + (AP)^  ^+ 
= 
(BP)jm = 
(CP)km = 
(DP)lm = 
(C^ P)klm = 
(BCP)jkin =-
(BEP)jin, = 
= 
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where 
u = overall mean 
Ai = year effect; i = 1, 2, 3 
= error for year effect; j = 1, 2, 3, 4 
Cjj. = hybrid effect; k = 1, 2, 3 
(AC)ij^  = interaction effect of year and hybrid 
^IJK = error A 
= nitrogen effect; 1=1, 2 
Pjj^  = potassium effect; m = 1, 2 
(DF)ijjj = interaction effect between nitrogen and 
potassium 
(CD)j^ l = interaction effect between hybrid and nitrogen 
= interaction effect between hybrid and 
potassium 
(CDP)k2m ~ interaction effect among hybrid, nitrogen, 
and potassium 
(AD)IL = interaction effect between year and nitrogen 
(Aii')im = interaction effect between year and 
potassium 
«^ LJklm = sub-plot' error 
